The aim was to investigate the action of serotonin (5HT) on function of the ileocolonic junction (ICJ) in vivo. In anaesthetised rats, models were developed to study the effects of intra-aortic (ia) serotonin on ileocolonic and colonic transit, and the effects on transit of a number of 5HT receptor antagonists. In the first series of experiments, a bolus of saline labelled with 99mTc DTPA was instilled 20 cm proximal to the ICJ and transit was assessed three hours later by the geometric centre of the spread of isotope. In the second series, similar techniques were used on the postcaecal colon and transit assessed two hours later. In the third series of experiments, the effects of ia 5HT on ileal net fluid flux was evaluated by standard perfusion experiments with 14C polyethylene glycol (PEG) 4000 as a non-absorbable marker in rat plasma-like electrolyte solution. Compared with ia saline, 5HT accelerated ICJ transit significantly (p<005). This acceleration was comparable with the effect of ia bethanechol. The effects of 5HT on ICJ transit were inhibited by the intraperitoneal (ip) infusion ofatropine, the 5HT receptor antagonists, methysergide, ketanserin, zacopride, and the 5HT4 agonist, SC53116. Methysergide, zacopride, and SC53116 given with ia 5HT slowed ICJ transit to rates below those of ia saline alone. When these same agents were given together with ia saline, the ICJ transit was not significantly altered. Serotonin, at the dose that accelerated ICJ transit, did not significantly alter colonic transit or ileal fluid transport. In conclusion, 5HT is a potent pharmacological stimulant oftransit across the rat ICJ in vivo; the action of 5HT is mediated partly through muscarinic neurones and several 5HT receptor subtypes.
Serotonin (5 hydroxytryptamine, 5HT) is believed to be an important humoral mediator of carcinoid diarrhoea.' Agents that release 5HT exacerbate diarrhoea in the carcinoid syndrome2; agents that block the synthesis or the peripheral effects of 5HT sometimes control diarrhoea in patients with carcinoid syndrome.8 Serotonin stimulates contraction or myoelectric spike activity of small intestinal muscle in vivo,' '°and gastrointestinal transit is altered in patients with the carcinoid syndrome." 12 Serotonin also stimulates gastric emptying in rats in vivo'3; however, the specific effects of 5HT on propulsion and transit in vivo are less clear.
In an in vitro study of an isolated segment of guinea pig ileum, Bulbring and Lin found that 5HT stimulated propulsive motility when applied intraluminally.'4 By contrast, serosal 5HT had no effect on transit'4; others have even reported inhibition of peristalsis by 5HT. 15 Serotonin stimulates nerve muscle preparations from the guinea pig small intestine and colon in vitro. 16 Thus there is evidence that 5HT can both inhibit and facilitate gastrointestinal motor function.
Intestinal smooth muscle cells and enteric nerves have 5HTI, SHT2, and SHT3 receptors. '7 More recently, a new class of 5HT4 receptors'8 has been found in several tissues, including the guinea pig ileum'920 and ascending colon,2' the cardiovascular system of the pig,"" and the human heart.24 Acetylcholine is thought to play an important part in mediating 5HT induced contraction of intestinal smooth muscle in vitro25 and in vivo. ' Rats also underwent laparotomy, at which time several models were established. In the first (for ileocolonic transit), a Tygon cannula (external diameter: 1 22 mm; internal diameter: 0-76 mm) was placed into the distal ileum about 20 cm from the caecum, the caecum was opened, and the ileocaecal segment was rinsed of any residue with warm saline (37°C). After closing the caecum with a purse string ligature, the loops of intestine were restored to the abdominal cavity. In experiments on the colon (colonic transit), one cannula was positioned in the postcaecal portion of the colon; a second cannula was placed in the most distal part of the colon that was accessible at the time of laparotomy. The average length of the colonic loop studied was 20 cm. In a third series of experiments (fluid transport), the distal 20 to 25 cm of ileum was isolated for perfusion studies by two Tygon cannulae. After one of these three experimental segments was set up, the intestines were returned to the abdominal cavity and the incision was closed.
Ileocolonic transit One ml of 99mTc DTPA radio labelled saline was introduced into the ileum by slow infusion over five minutes; 0-3 ml saline was gently flushed through the cannula to ensure delivery of the entire volume of radiolabel into the ileum. Preliminary studies showed that, with this method of delivery, the radiolabel did not disperse beyond the first 5 cm of the ileal segment. Animals were kept under light anaesthesia thereafter with ip chloral hydrate. Three hours after the ileal infusion, the abdomen was opened and the mesenteric vessels were tied. The ileocolonic segment was identified, closed by ligatures at each end, and divided into five equal portions by separating 4 cm segments by means of silk ligatures. The caecum and colon were identified down to the pelvis and ligatures tied. The rats were then killed, and all these segments were counted in a Capintech radioisotope dose calibrator (CRC-5, Montvale, NJ).
Colonic transit
With the animals under light anesthaesia, 1 ml of 99mTc DTPA radiolabelled saline was introduced into the colon by slow infusion over five minutes; 0 3 ml of saline was gently flushed through the cannula. Two hours after this infusion, the abdomen was opened, and the loop of colon was divided into four equal segments by means of silk ligatures. The effluent from the distal Tygon cannula was collected separately during the experiment, and constituted the fifth segment. Each segment of colon and the effluent were counted in a dose calibrator.
Ilealfluid transport
The ileum was perfused through the proximal cannula with an iso-osmolar electrolyte solution containing '4C PEG 4000. The electrolyte content (Na+, 151 mmol/l; K+, [5] [6] 
Results

ILEOCOLONIC JUNCTION TRANSIT: EFFECTS OF 5HT AND ITS ANTAGONISTS
Serotonin and bethanechol (Fig 1) significantly accelerated ICJ transit compared with saline. The effects of 5HT and bethanechol were not statistically different. Table 1 shows the geometric centres of isotope in the ileocolonic segment after the concomitant 5HT and the series of ip drugs were given. Methysergide, R-zacopride, and SC53 116 significantly inhibited the increased transit induced by 5HT; indeed, the geometric centres of isotope with ia 5HT and these agents given ip were less than the value observed with ia saline alone (Table I) . Atropine and the 5HT2 antagonist, ketanserin, also significantly inhibited 5HT induced ICJ transit, but not to concentrations below that of ia saline. (Table II) . There were no significant differences relative to ip saline, but the difference between groups treated with SC53116 and R-zacopride was significant (Newman-Kuels test).
EFFECT OF 5HT AND BETHANECHOL ON COLONIC TRANSIT Intra-aortic bethanechol significantly accelerated colonic transit. The effect of ia serotonin was variable; however, there was no overall acceleration of colonic transit (Fig 2) .
EFFECT OF 5HT ON ILEAL FLUID FLUX Intra-aortic 5HT, given at the same dose and route as had induced acceleration of ICJ transit, failed to significantly alter baseline absorption found during the ia infusion of saline (Fig 3) .
Discussion
The questions we considered required that an in vivo model be developed for measurement of transit across the ileocolonic junction and colon. We elected to use a static rather than a dynamic method to evaluate transit because our previous studies with dynamic scintigraphy34 showed that emptying of the unprepared rat ileum into the caecum occurred very infrequently. Infusion of the liquid bolus at a slow rate ensured that the u - Others have also shown in the rat that high doses (>10-5 M) of 5HT relaxed the caecum4' and internal anal sphincter.42 Our data suggest that ia 5HT had no significant physiological effect on transit of liquid through the rat colon and are, therefore, consistent with these two studies. 4' 42 The availability of novel, relatively specific antagonists of the 5HT receptor subtypes allowed us to evaluate the mechanism of 5HT induced acceleration of ICJ transit. Generally, our results confirm some of the findings from in vitro studies. 39 We showed that the effects of 5HT on ICJ transit are partially mediated by cholinergic mechanisms and that they involve several 5HT receptor subtypes. Thus 5HT stimulated an excitatory muscarinic cholinergic pathway that was inhibited by atropine. This is consistent with the previously described role of acetylcholine in SHT induced contraction of intestinal smooth muscle in vitro2""3 and in vivo, '4 Intra-aortic 5HT, given at the same dose that stimulated ICJ transit, had no significant effect on net fluid flux in the rat ileum. These findings contrast with those of Beubler et al who used close intra-arterial injections of 5HT.45 In the absence of dose-response studies, the only important point we can make is that transit was accelerated across the ICJ by a dose of ia 5HT that did not induce ileal secretion in vivo. It is possible that secretory and motor mechanisms contribute to carcinoid diarrhoea, and the effects of 5HT and its antagonists on both processes deserve further study. 
